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Legislative background

A ESHB 1578 was passed in 2019 to
reduce the risk of oll spills, and protect
Southern Resident Killer Whales

A9O2f23eQa {LAffa tN
undertake or assist with multiple policy
Initiatives in the bill, including the
development of an oil spill risk model




Describingpll

spill risk

Scenarios

Probabllity

Conseguences

wHazard identification:
collision, allisiongrounding,
etc.

wHow likely is eachazard®

wlIf an accident happens, how
likely is that an oil spill
occurs,where will itoccur,
and whatvolume and type
of oil will be released?
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Modeling Approach

Vessel

Module

Movement :> Encounter

Module

Vessel

mmm) | Accident | mmmmm) O"Mcz)léltgfw

Module

Generates traffic
levels, vessel routes,
and movements

|dentifiesopportunities
for collisions and
groundings

From a limited list of
hazards, uses probabilities
and mechanistic models to
estimateaccidents

From a limited list of
accidentsuses probabilities
and mechanistic models to
estimateoil outflows




Changes to Hazard Definitions
A Machinery Spill
Aal'y 2Aft &aLAtt G2 61 0S
equipment onboard &@overedvessel.
Excludes spills related to overwater oill

Updates since transfersb ¢

|ast
prese ntation A & Icollision between a covered vessel and

another vessel, while both vessels are
underway,or while one is underway and
2y S Aa ryéK2N5R¢é

A Vessel to Vessel Collision

i



Adjustments to Anchorages
A Added additional anchorage area near Cherry Pt

Revisions to anchoragalternatives
A Changed alternatives for Yukon Harbor
A ElliotBay East anwest replaced Smitlove

Updates since

|aSt East andVest
. A Removedalternatives for the two explosives
prese Nntation anchorages.
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Adjustments

to Model Area
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Momentum
and Drift
Model
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Model Hazards

Direct Model Hazards —
A Allision

A Capsize

A Collision Probabilistic
A Machinery Spill "~ Approach
A Grounding
A Sinking

A Transfer Spill _

Indirect Model Hazard

A Lossof Propulsion Mechanistic
A Loss ofSteering Approach
A AnchorDragging




Modeling Indirect Hazards

Indirect Model Hazards
A Lossof Propulsion

A Loss ofSteering

A AnchorDragging

-

Probability of loss

Momentum and

of propulsion drift model
Probability of Anchor dragging
anchor drag model

Probahbility of loss
of steering

Loss of steering
model

"

Drift grounding

Anchor dragging
grounding

Anchor dragging
collision

Loss of steering
grounding

Loss of steering
collision

it
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Momentum
and Drift

Model

Purpose

ASimulateship movemengfter a
total loss of propulsion while
underway

KeyConsiderations

Alnshore Study Area

i



Components of Momentum and Drift Model

Loss of
Propulsion

Estimate of LOP
Probability

Crew
Actions

Velocity
Vector

Immediate
course change
using remaining

momentum

Self Repair

Drift
Grounding

Ship trajectory

Duration of the
LOP, prior to
regaining
control

Overlap
between ship
draft and
grounding
contour




Velocity Vector

m\ External Forces and Drag

{ KA LIQA aJ'z Y S \Eiitelndl Forces  Ship Drag
I a a

A { KALIQa a A Wind A Drag Coefficients
A Added mass A Current A Wind/water exposed areas
A { KALIQA éILJé S ﬁfA Waves A Wind/water densities
m+m)Z=|F, ,+F +F
m m d¢| |° wind current ware




Velocity Vector

{ KALIQ& az2YSyiuldzy

Calculated every 60 seconds




Velocity Vector

As the momentum drops, the external
forces have a larger affect
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Velocity Vector

Course: 160 degrees / Speed 2.3 knots
Velocity Vector

OgSyidzr tfeéex OUKS &AKALIQA Y2YSyddzy
forces and drag forces are responsible for the course and speed
of the ship
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Why This Approach

Strengths

A Allows incorporation of ship course and speed at
GAYS 2F [ht oOoF 1l &aKALIQa

A Allows crew actions to be included, in form of
course changes at moment of LOP

A Physics based model

Weaknesses

A Requires the identification of many parameters

A Not based on experimental or observed drift patterns
A Challenging to validate

Y2YSylddzy€ o
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Required Parameters

To be calculated with data from Salish Sea Model, Mi&kit,
and Model outputs:

A Vessel Mass

A Vessel Length at Waterline
A Relative Air Speed

A Relative Water Speed

To bepulled from existing data:
A Air density

A Water density

A Waveamplitude

A Gravitational acceleration

i
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Required Parameters

Need additional investigation to finalize calculation approach:

A Air draggingcoefficient Dependent on gssel type andngle ofattack

A Water draggingoefficient Dependent on gssel type and angle aftack

A Wavedragging coefficient Dependent on gssel type and angle aftack

A Wind-exposed vesselrea v | © x AOR®D I ODARA

A Water-exposed vessalrea Al eBAOEG AZi$s OA £O

A Added mass 1/4 - 1/3 of vessel mass

x> o F > P> > P
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Weather Data for External Forces

Salish Sea Model

A Developed by Pacifidorthwest National Laboratory (PNNL) in
collaboration with scientistiom Departmentof Ecology

A Simulates hydrodynamic data based inputs from river, streams,
and point sources throughout thegion

A Model development will rely on data from 2014, but we will add
additional years of data for model analysis.




Components of Momentum and Drift Model

Loss of
Propulsion

Estimate of LOP
Probability

Crew
Actions

Immediate
course change$
designed to use

remaining

momentum

Velocity
Vector

Self Repair

Drift
Grounding

Ship drift
trajectory

Duration of the
LOP, prior to
regaining
control

Overlap
between ship
draft and
grounding
contour




Crew Actions

What Happens Immediately FollowinglzOP?

A Momentumallows the crew somability to control
I KS @SaasSftQa KSFRAYy3IOD

A As momentum decreases ability control the
aKALIQA KSFRAY3I Aada RNI A
resolves to a total lack aontrol

Why Does This Matter?

A Restricted waters

A Crew ability to avoid immediate grounding
hazards

NavigationafUse
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Our Approach to Crew Actions

Existing Approaches
A None found

Review of LOP incident reports

A Reviewed 133 local LOP events that
fit our criteria (20072021)

A Identified 25 reports that include
Immediate crew actions

Crew Actions ldentified In
Historical Data

A Helm Offshore
A Maintain Heading

Helm Offshore
A & jhwt left rudder on to steer away from|
brownsLJ2 A Yy (0 €

A & turned ship to the north to increase
distance fromedizK 2 2 { €

_Maintain Heading
A & ¢ Kebmsman was able to maintain g
046 Degrees True S RA y 3 ¢

A & 2 laBle to keep vessel close to
appropriateK S RA y 3 €




Our Approach to Crew Actions

Model Crew Actions:

A Shipmay alter course at most 60 degrees
port or 60 degrees starboard.

A Shipprioritizes maintaining original headin
unless danger is close aboard.

Simulation Approach

260 270 2gp
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A ShipevaluateslOR S 3 NESR FSa1120 =
degree forwardarc. f/ \ \?
A Theship chooses a course withén % N
hazardleswedge - . . /////////4//8 1% o6y 0gL OL o \\\\\\\\\\\\\
A Ship maintains origindleading, unless b
danger is close aboard.
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Rationale for our Approach

Why 120 degree arc?

A 60 degrees to port or starboard allows a ship
to avoid immediate danger resulting from
operating Iin restricted waters

A This allows simulated ships that have
suffered an LOP to lose momentum and
begin drifting

Why Course Change?
A Our model only represents courses, not

KSFRAYy3Ia> a2 ¢S | NB dzy|

movements in terms of heading change
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